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(54) Method and apparatus of establishing a region to be made amorphous 



(57) In a method of accurately determining an area 
that has been changed to an amorphous state which 
uses a computer simulation of a semiconductor manu- 
facturing process, the impurity concentration (1 1) at the 
crystalline-amorphous boundary is taken as the param- 
eter C. 

The value obtained by dividing the implanted ion 
concentration obtained by means of an ion implarrtation 
simulator by the parameter Ca is defined as tiie amor- 
phous conversion ratio parameter (12). and a region in 
which tiiis amorphous conversion ratio parameter (12) 
is 1 or greater is taken to be an area that is converted to 
an amorphous state. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present Invention relates to computer sinnuta- 
tion method for a semiconductor device manufacturing 
process, and more specifically to a method for estab- 
lishing a region that is changed to an amorphous state. 

2. Description of Related Art 

There has been an attempt made to optimize a 
serruconductor device manufocturing process, such as, 
for example, LSI or the like, by means of a process sim- 
ulator. 

The term process simulator in this sense refers to 
the calculation, using a computer, of a semiconductor 
device manuiacturing process such as an ion implanta- 
ti n process or diffusion process, and the prediction of 
physical quantities and shapes of the device's internal 
impurities profile and the like. 

If a process is optimized by using a process simula- 
tor 80 that the semiconductor device exhibits the best 
electrical characteristics, it is possible to make a great 
reduction of boVn cost and required time in comparison 
with actually fabricating prototypes of semiconductor 
devices, for example. LSI devices. 

Because the internal physiCeU quantities in a semi- 
conductor device are calculated by a process simulator, 
it is possible to analyze the t>ehavior of impurities within 
the semiconductor. 

A detailed description of a process simulator is pre- 
sented pages 18 to 79 of "Process Device Simulation 
Technology" (put)lished by Sangyo Tosho). edited by 
Dan Ryo, which was published on 20 April 1990. 

In a diffusion simulation which is used for the pur- 
pose of calculating a diffusion process, it is necessary 
solve the diffusion equations for each of the impurities 
which express the behavior of the impurities within the 
semiconductor. 

It has been reported that point defects in inter-lat- 
tice silicon occurring because of ion implantation and at 
holes and the like can interact with Inplanted ions so as 
to accelerate the diffusion of impurities, in the IEEE 
Transactions on Electron Devices. Vol. 40. No. 7, pages 
1215 to 1222. in H. Hane and H. Matsumoto "A f^odel 
for Boron Short Time Annealing After Ion Implantation" 
published July 1993, and to calculate this type of phe- 
nomenon using a computer, it is necessary also to 
simultaneously solve the diffusion equation for point 
defects in inter-lattice silicon and holes or the like occur- 
ring because of ion implantation. 

In a region in which ion implantation causes a large 
number of point defects, because of a collapse of the 
crystalline structure, there is a change to an amorphous 
state. 



In a region that has changed to an amorphous 
state, because the initial conditions of impurities and 
point defects and the like are different from the crystal- 
line region, to achieve an accurate simulation of the 

5 impurity diffusion, it is necessary to accurately estak^lish 
the region in which the change to an amorphous state 
has occurred. 

in the past, as noted in H. Cerva and G. Holaler, 
"Comparison of Transmisaon Electron Microscope 

10 Cross Sections of Amorphous Regions in Ion Implanted 
Silicon with Point-Defect Density Calculatior^" (Journal 
of Electrochemical Society. Vol. 139, No. 12. p. 3631- 
3638, December, 1992), a method of establishing a 
region that has become amorphous by using the point- 

75 delect density that occurs due to ion implantation was 
used. 

In tfiis method, as shown in Rg. 3. the region in 
which the point-defect density 21 that occurs because 
of ion implantation is at or above some density Da is 
20 taken as the region that has become amorphous. 

Using the prior art it is difficult to improve the accu- 
racy of establishing the region that has tsecome amor- 
phous. 

The reason for this is that the point-defect density 
25 occurring k>ecause of ion implantation \s used to estat>- 
fish the region that has t>ecome amorphous. 

Since the actual measurement of the point-defect 
density is difficult, it is difficult to know its precise value, 
this making it necessary to determine it by means of ion 
30 implantation simulation, which not only is highly 
dependent upon the ion implantation simulator model 
and parameters, but also because these models include 
approximations it is difficult to obtain parameters to 
accurately establish the region that has become amor- 
35 phous. 

In view of the above-described drawt>acks in the 
prior art an object of the present invention is to provide 
a method of establishing the region that has become 
amorphous which is capable of determining this region 
40 accurately. 

SUMMARY OF THE INVEIMTION 

To achieve the atx)ve-noted object, the present 
45 invention provides a method of establishing, by means 
of a computer simulation of a semiconductor device 
manufacturing process, a region that has become 
amorphous, and in the method of establishing a region 
that has become amorphous, the region that has 
so become amorphous is determined by detecting a rela- 
tionship formed between an irrpurity concentration at 
an interiace formed t>etween crystal and amorphous 
regions ( referred to amorphous/crystalline (a/c) inter- 
face, hereunder) and an ion implantation concentration 
55 Of the ion of the impurity being Implanted thereinto cal- 
culated by means of the computer simulation. 

In the method of establishing, by means of a com- 
puter simulation of a semiconductor device manufactur- 



2 



3 



EP0864 991 A2 



4 



ing process, a region that has become amorphous, in 
the present invention, the method specifically conv 
prises the steps of; taking an impurity concentrati n at 
an amorphous/crystalline (a/c) interface, as a parame- 
ter Ca; determining an ion implantation concentration of 5 
the ion which is implanted thereinto by means of the 
conputer simulation; defining an amorphous conver- 
sion ratio parameter Ra as the ion implantation concen- 
tration divided by the parameter Ca; and detemtining 
the region that has been converted to an sunorphous 
state at the time of ion implantation, as a region in which 
the amorphous conversion ratio parameter Ra is 1 or 
greater. 

There are a plurality of above-noted ion implanta- 
tion conditions, the impurity concentration at the crystat- 
anrx>rphous bourxlary being measured for a specific 
number of conditions, interpolation or extrapolation from 
these measured values being used to predict values 
which are used as the above-noted parameter Ca with 
respect to each of the conditions. 

It is preferable when ion implantation is done a 
number of times, including cases in which the type of 
impurity is different, that the sum of the amorphous con- 
version ratios Ra with respect to each of the ion implan- - 
tations be taken, the region in which this value is 1 or 
greater being taken as the region which became amor- 
phous at the time of ion implantation. 

Brief Description of the Drawings 

Fig. 1 is a drawing which shows in schematic fash- 
ion the first embodiment of a method of establishing a 
region that has become amorphous according to the 
present invention. 

Fig. 2 is a drawing which shows in schematic fash- 
ion the second emkx)diment of a method of establishing 
a region that has become amorphous according to the 
present invention. 

Fig. 3 is a drawing which shows in schematic fash- 
ion the method of establishing a region that has become 
anx>rphous used in the past 

Rg. 4 is a block diagram showing one embodiment 
of an apparatus for establishing a region that has 
become amorphous by means of a computer simulation 
of a semiconductor device manufacturing process, in 
the present invention. 

Detailed Description of the Preferred Embodiments 

Embodiments of present invention are described 
below, with reference being made to the relevant 
accompanying drawings. 

Fig. 1 shows, in schematic fashion, the first emkxxi- 
iment of the present invention, which is a method of 
estat>lishing a region that is changed to the amorphous 
state at tiie time of ion implantation. 

In this embodiment the implanted ion concentra- 
tion at the amorphous/crystalline (a/c) interlace is 



measured with r sp ct to each of the ion implantation 
conditions, such as the ion type, the implanted ion dose, 
tiie implantation nergy and the implantation angle or 
the like, and then tiiese measured values being taken 
as the parameter Ca. 

Ca s C (actual measured ion concentration value at 
the annorphous/crystalline (a/c) interfoce ) 

Because there are countless ion implantation con- 
ditions, after making measurements for the certain 
number of ion irrplantation conditions required to obtain 
the required accuracy, int^polation or extrapolation is 
performed with respect to these measured values to 
predict a parameter value Ca for each of the ion implan- 
tation conditiorts. 

Next, the implantation ion concentration C simula- 
tion 11 is determined for inplanted ions, using an ion 
simulator, the value of the amorphous conversion ratio 
parameter Ra. which is (^stained by dividing this 
implanted ion concentration by the above-noted param- 
eter C<i. being defined as the amorphous conversion 
ratio parameter 12. 

B C simulation 



Then, the region in which the above-noted amor- 
phous conversion ratio parameter is 1 or greater is 
taken to be tiie region of conversion to the amorphous 
state. 

In tiie present invention, tha-e are many conditions 
for carrying out the ion implantation so that ion of irrpu- 
rities are inplanted into a substrate and thus the con- 
centration of the ion impurities should basically be 
calculated under all of the possible ton implanting condi- 
tions, respectively. 

Therefore, in tiie present invention, regarding each 
one of the plurality of conditions for the ion implantation, 
the values of impurity concentration at the amor- 
phous/crystalline (a/c) interface with respect to each 
one of specific conditions thereof is measured previ- 
ously and each one of the values of impurity concentra- 
tion thereat, thus measured, is stored in a suitable 
memory means. 

And when a region that fias become amorphous, is 
determined, a parameter Ca with respect to the specific 
condition is calculated first by using a value predicted by 
performing interpolation or extrapolation of a plurality of 
the measured values stored in the memory means, and 
each of which having a condition being closer to the 
condition. 

In tiie above-mentioned embodiment of the present 
invention, the memory nneans may be some kind of a 
look-up table in that a plurality of the above-mentioned 
data concerning the concentration of impurities are 
listed. 

The second embodiment of the present invention 
will now be described, with reference being made to Fig. 
2. 
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Fig. 2 shows, in schematic fashion, the first embod- 
iment of the present invention, which is a method of 
establishing a region that is changed to the amorphous 
state at the time of ton inplantation. 

It differs with the first embodiment in that ion 
implantation is performed a plurality of number of times. 

In this embodiment the distribution of the Implanta- 
tion ion concentration C(0 simulations 31 and 32 is 
determined, using an ion implantation sinuilator, after 
which the values Rp)a 33 and 34, which are these 
implantation concentrations divided respectively by the 
parameters C(i)a that corresponds to each of the ion 
implantation conditions, are obtained. 



R(i)a = 



C(i)simulation 
Cffla 



In the above equation, (i) indicates an element that 
corresponds to the i-th ion implantation of the plurality of 
ion implantations that are don& 

in this embodiment the amorphous conversion 
ratio parameter Ra 35 is determined as the sum of 
R(i)a. as shown hereunder, and the region in which that 
value is 1 or greater is taken as the region that is con- 
verted to the amorphous state. 



Ra = 2) R{i)a 



In this embodiment of the present invention, as 
explained above, in the method of establishing a region 
that has become amorphous, when plurality of ion 
implantattons are done, including a case in which there 
are different types of impurities, a sum of the amor- 
phous conversion ratio parameters with respect to each 
ion implantation is taken, and a region in which the sum 
is 1 or greater is determined as a region that has been 
converted to an amorphous state at the time of ion 
implantation. 

On the other hand, in the present invention, an 
apparatus for establishing a region that has become 
amorphous by means of a computer simulation of a 
semiconductor device manufacturing process, can be 
presented. 

Note that as shown in Rg. 4, the apparatus 10 for 
establishing a region that has become amorphous by 
means of a computer simulation of a semiconductor 
device manufacturing process, comprises a means 1 for 
measuring an impurity concentration at an interface 
formed between crystal and amorphous regions ( amor- 
phous^crystalline (a/c) interface), and determining the 
measured impurity concentration thereat as a parame- 
ter Ca, a means 2 for simulating an ion implantation 
concentration of the ion of the impurity which is 
implanted thereinto by utilizing a computer, a means 3 
for calculating a value of ratio obtained from the ion 
Inplantation concentration divided t>y the parameter 
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Co. and determining the ratio as an amorphous conver- 
sion ratio parameter Ra. and a means 4 for determining 
a region in which the amorphous conversion ratio 
parameter Ra thereof is 1 or greater, as a region that 
has been converted to an amorphous state at the time 
of ion implantation amorphous state at the time of ion 
inplantation. 

The apparatus 10 of tiie present invention further 
comprises a memory means 5 and a central controlling 
means 6, such as CPU or the like. 

The memory means 5 used in the present invention 
is to store a plurality of impurity concentrations at an 
interface formed at the amorphous/crystalline (a/c) 
Interface, measured at each one of specific concfitions 
among a plurality of oorvjitions. 

In accordarm with the above-noted as descrO^ed 
above, there is an Improvement in the accuracy of deter- 
mining the region converted to the amorphous state. By 
dc»ng this, the practical usefulness of a process simula- 
tor is improved. 

The reason for the above-noted effect is that, with 
tiie impurity concentration at the crystalline-amorphous 
boundary as a parameter, the region converted to the 
amorphous state Is determined using the implanted Ion 
concentration derived from an ion simulator with suffi- 
cient-accuracy. 

Claims 
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A method of establishing, by means of a computer 
simulation of a semiconductor device manufac^r- 
Ing process, a region that has become amorphous, 
in that said region that has t>ecome amorphous Is 
determined by detecting a relationship formed 
between an irrpurity concentration at an interface 
formed between crystal and amorphous regions ( 
amorphous/crystalline (a/c) interface) and an ion 
implantation concentration of said ion of said inpu 
rity being implanted thereinto calculated by means 
of said corrputer simulation. 



2. A mettiod of estabfishing, by means of a computer 
simulation of a semiconductor device manufactur- 
ing process, a region that has become amorphous, 
said method conprlsing the steps of: 

taking an impurity concentration at an interface 
formed between crystal and amorphous 
regions ( amorphous/crystalline (a/c) inter- 
face), as a parameter Caa; 
determining an ion implarrtation concentration 
of said ion wfiich is implanted thereinto t>y 
means of said computer simulation; 
defining an amorphous conversion ratio 
parameter Ra as said ion implantation concen- 
tration divided by said parameter Ca; and 
determining said region that has been con- 
verted to an amorphous state at the time of ion 
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implantation, as a region in which said cunor- 
phous conversion ratio parameter Ra is 1 or 
greater. 

3. A method of estatslishing a region that has become s 
amorphous according to daim 2, comprising a plu- 
rality of conditions for said ion implantation, and fur- 
ther comprising the steps of: 



4. A method of establishing a region that has become 20 
amorphous according to claim 3, wherein regarding 
each one of said plurality of conditions for said ion 
implantation, the values of impurity concentration at 
said interface formed between crystal and amor- 
phous regions ( amorphous/crystal line (a/c) inter- 2s 
face), with respect to each one of specific 
conditions thereof is measured previously and each 
one of said values of impurity concentration thereat, 
thus measured, is stored in a suitable memory 
means; and further wherein a region that has 30 
become amorphous, is determined fc>y using a 
parameter Ca with respect to the specific condition, 
calculated by using a value predicted t)y performing 
interpolation or extrapolation of a plurality of said 
measured values stored in said memory means, ss 
and each of which having a condition being closer 

to said condition. 

5. A method of establishing a region that has become 
amorphous according to daim 2, wherein when plu- 40 
rality of ion implatations are done, induding a case 

in which there are different types of impurities, a 
sum of said amorphous conversion ratio parame- 
ters with respect to each ion inplantation is taken, 
and a region in which said sum is 1 or greater is 4S 
determined as a region that has been converted to 
an amorphous state at the time of ion implantation. 

6. An apparatus for establishing a region that has 
become amorphous by means of a computer simu- so 
lation of a semiconc^ctor device manufacturing 
process, in which said apparatus (10) comprising: 



parameter Coa; 

a means (2) for simulating an ion implantation 
concentration of said ion of said impurity which 
is implanted thereinto by utilizing a computer; 
a means (3) for calculating a value of ratio 
obtained from said ion implantation concentra- 
tion divided t>y said parameter Coa. and deter- 
mining said ratio as an amorphous conversbn 
ratio parameter Ra; and 
a means (4) for determining a region in which 
said amorphous conva^ion ratio parameter Ra 
thereof is 1 or greater, as a region that has 
been converted to an amorphous state at the 
time of ion implantation amorphous state at the 
time of ion implantation. 

An apparatus for establishing a region that has 
become amorphous according to daim 6. wherein 
said apparatus (10) is further provided with a mem- 
ory means (5) for storing a plurality of impurity con- 
centrations at an interface formed between crystal 
and amorphous regions ( amorphous/crystalline 
(a/c) interface), measured at each one of specific 
conditions among a plurality of conditions. 



measuring the values of impurity concentra- 10 

torts at said interface formed between crystal 

and amorphous regions ( amorphous/crystal- 

Gne (a/c) interface), with re^>ect to specific 

conditions of said plurality of conditions, and 

using values predicted by performing interpola- is 

tion or extrapolation of said measured values 

as said parameter Ca witii respect to each con- 7. 

dition. 
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45 



a means (1) for measuring a impurity concen- 
tration at an interface formed between crystal ss 
and amorphous regions ( amorphous/crystal- 
line (a/c) interface), and determining said 
measured impurity concentration thereat as a 
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(57) In a method off accurately determining an area 
that has been changed to an amorphous state vifhich 
uses a computer simulation of a semiconductor manu- 
facturing process, the impurity concentration (11) at the 
crystalline-amorphous kx)undary is taken as the param- 
eter C. 

The value obtained by dividing the inplanted ion 
concentration ofc)tained by means off an ion implantation 
simulator by the parameter Ca is defined as the amor- 
phous conversion ratio parameter (12), and a region in 
which this amorphous conversion ratio parameter (12) 
is 1 or greater is taken to be an area that is converted to 
an amorphous state. 
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